• PURPOSE: To describe the prevalence and risk factors of diabetic retinopathy in a multi-ethnic US population of whites, blacks, hispanics, and chinese.
D
IABETIC RETINOPATHY, THE MOST COMMON SPEcific complication of type 2 diabetes, is the leading cause of blindness among Americans age 20 to 64 years. 1, 2 The epidemiology of diabetic retinopathy has been previously described, largely in white populations. [3] [4] [5] [6] In the Wisconsin Epidemiological Study of Diabetic Retinopathy (WESDR), the prevalence of retinopathy in 1980 to 1982 among persons with type 2 diabetes was reported at 39% for those not receiving insulin treatment, and 70% for those receiving insulin treatment. 3 A recent review of data pooled from eight studies suggests the prevalence of retinopathy may have declined in recent years. 7 However, of these eight studies, only two collected data in the past decade, and none in the past 5 years. Thus, there is a need for new contemporary data.
Epidemiological studies, again largely conducted in whites, have identified several risk factors for diabetic retinopathy. 8 -17 The most consistent of these are longer duration of diabetes, hyperglycemia, and hypertension. [3] [4] [5] 8, 9 Associations with hyperlipidemia, [11] [12] [13] [14] [15] obesity, 15, 16 and other cardiovascular risk factors 14, 15 have been less consistently documented.
In contrast to whites, there are fewer population-based data on either the prevalence of or the risk factors for retinopathy in other racial/ethnic groups with diabetes in the United States. [17] [18] [19] [20] Because diabetes prevalence ap-pears to vary between these racial/ethnic groups, [21] [22] [23] it has been suggested that the frequency of retinopathy may also vary by race/ethnicity. The few studies conducted suggest that in comparison to studies in whites, African Americans (blacks) and hispanics have a higher prevalence of retinopathy. 24 -26 These differences have been attributed in part to racial/ethnic differences in diabetes duration, glycemic control, and blood pressure levels in blacks, but not in hispanics. There are no data on the epidemiology of diabetic retinopathy in Chinese Americans (chinese).
The purposes of our current study were to describe the prevalence of diabetic retinopathy among whites, blacks, hispanics, and chinese diagnosed with diabetes participating in the Multi-Ethnic Study of Atherosclerosis (MESA), to quantify risk factors of diabetic retinopathy, and to examine racial/ethnic differences.
METHODS

THE MESA IS A PROSPECTIVE COHORT STUDY OF MEN AND
women 45 to 85 years of age initially free of clinical evidence of cardiovascular disease and living in six United States communities (Baltimore, Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los Angeles County, California; Northern Manhattan, New York; and St Paul, Minnesota). 27 The study objective of MESA was to identify risk factors for subclinical and clinical cardiovascular disease. Selection of study population has been reported in detail elsewhere. 27 At the baseline examinations, there were 6814 participants: 1086 from Baltimore; 1164 from Chicago; 1077 from Forsyth County; 1319 from Los Angeles County; 1102 from New York; and 1066 from St Paul.
Of the 6814 participants, 959 had diabetes defined as fasting glucose Ն7.0 mmol/l (Ն126 mg/dl) or use of insulin or oral hypoglycemic medication. 28 Fundus photography was performed at the second examination immediately after the baseline examination, from August 2002 to January 2004. At this examination, 827 (86.2%) of 959 of the participants with diabetes underwent retinal photography. Of these, we excluded 49 without gradeable photographs for diabetic retinopathy severity in either eye, leaving 778 participants who were included in this analysis. The proportion of people ungradeable for diabetic retinopathy was not significantly different between whites (1.5%), blacks (2.4%), hispanics (1.3%), and chinese (0.7%) (P ϭ .80).
Tenets of the Declaration of Helsinki were followed, and institutional review board approval was granted at each study site. Written informed consent was obtained from each participant.
Fundus photography was performed at each site following a standardized protocol. Participants were seated in a darkened room. Both eyes of each participant were photographed with a 45 degree 6.3-megapixel digital nonmydriatic camera (Canon, Lake Success, New York, USA).
Two photographic fields were taken of each eye; the first centered on the optic disk (field 1), and the second centered on the fovea (field 2). Standard software was used for image acquisition and archiving (Eye QSL; Digital Healthcare Inc, Cambridge, England). Images were then sent from the field centers to the University of Wisconsin, Madison, for assessment of retinopathy and other retinal diseases. Photographs were evaluated in semiquantitative fashion by a grader with a custom written Microsoft Access database, EyeQ Lite (an image-processing database for storage, retrieval, and manipulation of digital images), and a dual-monitor computer display.
Retinopathy was considered to be present if any characteristic lesion as defined by the Early Treatment Diabetic Retinopathy Study 29 severity scale was present: microaneurysms (MAs), hemorrhages, cotton wool spots (CWSs), intraretinal microvascular abnormalities (IRMAs), hard exudates (HEs), venous beading, and new vessels. For each eye, a retinopathy severity score was assigned as follows according to a scale modified from the Airlie House Classification system 30 Macular edema was defined by HE in the presence of MA and blot hemorrhage within one disk diameter from the foveal center, or presence of focal photocoagulation scars in the macular area. Clinically significant macular edema (CSME) was considered present when the macular edema involved or was within 500 m of the foveal center, or if focal photocoagulation scars were present in the macular area.
We defined three primary outcomes for this study on the basis of the severity scores of the worse eye. Any diabetic retinopathy was defined as level 14 and above. This was further divided into minimal nonproliferative diabetic retinopathy (NPDR) (levels 14 to 20), early-moderate NPDR retinopathy (levels 31 to 41) and severe NPDRproliferative retinopathy (levels 51 to 80). Macular edema was defined as present and absent, and further divided into those with and without CSME. Vision-threatening retinopathy was defined as the presence of severe NPDR-DIABETIC RETINOPATHY IN A MULTI-ETHNIC COHORT VOL. 141, NO. 3 proliferative retinopathy or CSME. If an eye was ungradeable, the scores for the other eye were used to define these outcomes.
Participants underwent an extensive assessment of atherosclerotic disease and its risk factors during the course of the study. Data for this analysis were based on those collected at the baseline examination. Resting blood pressure was measured three times with participants in the seated position (Dinamap model Pro 100 automated oscillometric sphygmomanometer; Critikon, Tampa, Florida, USA). 31 The average of the last measurements was used in analysis. Hypertension was defined as systolic blood pressure Ն140 mmHg, diastolic blood pressure Ն90 mmHg, or current use of antihypertensive medications. 31 Height and weight were measured with participants wearing light clothing and no shoes. Body mass index (BMI) was calculated as weight in kilograms divided by height in square meters. The waist-hip ratio was defined as the ratio of the waist circumference and the hip circumference, measured in centimeters.
Standardized questionnaires were used to obtain information about medical history, education level, marital status, health insurance status, occupation, annual household income, cigarette smoking and alcohol consumption, and use of hormone replacement therapy and antihypertensive and antidiabetic medications. Marital status was defined as married or other (single, widowed, divorced).
Smoking was defined as current, former, or never. Duration of diabetes was estimated from the age of first use of diabetic medication. Diabetic medication use was defined to include oral hypoglycemic medications and/or insulin.
Blood samples were assayed for putative biochemical risk factors, including total and high-density lipoprotein (HDL) plasma cholesterol, plasma triglycerides, and serum glucose levels measured after a 12-hour fast. Analyses were performed at a central site at the Collaborative Studies Clinical Laboratory at Fairview-University Medical Center (Minneapolis, Minnesota, USA). Low-density lipoprotein (LDL) cholesterol was calculated with the Friedewald equation.
We compared characteristics of participants with diabetes by race and estimated the prevalence of diabetic retinopathy, macular edema, CSME, and vision-threatening diabetic retinopathy according to age group, gender, and race/ethnicity. Differences in means and proportions were tested by the analysis of variance or 2 tests, respectively.
We constructed logistic regression models to determine the odds ratio (OR) and 95% confidence intervals (CIs) for the three primary outcomes (any diabetic retinopathy, CSME, and vision-threatening retinopathy) in association with putative risk factors (eg, presence vs absence of hypertension, or quartiles of blood pressure). This was initially performed for the total diabetic sample (n ϭ 778) and then for the four racial/ethnic groups separately. All initial models were adjusted for age, gender, race, and center (and age and gender for race/ethnicity-specific models). Test of trend was determined by treating categorical risk factors (eg, quartiles of blood pressure) as continuous variables, and the 2 statistic for the parameter estimate was computed. Significant predictors (P Ͻ .10) in the initial models were selected for inclusion in the multivariable logistic models. All analyses were performed by SPSS version 12.0.1 (SPSS Inc, Chicago, Illinois, USA).
RESULTS
PARTICIPANT CHARACTERISTICS COMPARING THOSE WITH
and without diabetes, as well as participants with diabetes in each of the four racial/ethnic groups, are listed in Table  1 . There were significant differences between participants with and without diabetes; participants with diabetes were older and more likely to have less than 8 years of education, hypertension, and higher glucose, BMI, and waist-hip ratios than participants without diabetes. When we compared racial/ethnic groups among participants with diabetes, we found that blacks, hispanics, and chinese were more likely to have less than 8 years of education, blacks were more likely to have hypertension, and blacks and hispanics were more likely to have higher glucose levels, BMI, and waist-hip ratios.
The prevalence of any retinopathy, macular edema, CSME, and vision-threatening retinopathy in the total diabetic sample and in each of the four racial/ethnic groups is listed in Table 2 . In the total diabetic sample, the overall prevalence of any retinopathy was 33.2%, any macular edema 9.0%, CSME 5.6%, and visionthreatening retinopathy 7.9%. Minimal NPDR was seen in 14.9% of the total diabetic sample, early-moderate NPDR in 14.4%, and severe NPDR-proliferative retinopathy in 3.9%. The prevalence of any diabetic retinopathy and macular edema was significantly higher in blacks (36.7% and 11.1%) and hispanics (37.4% and 10.7%) than in whites (24.8% and 2.7%) and chinese (25.7% and 8.9%) (P ϭ .01 and P ϭ .007, comparing racial/ethnic differences for retinopathy and macular edema, respectively, Table 2 ). The prevalence of visionthreatening retinopathy was also higher in blacks and hispanics than in whites and chinese, but this difference was not statistically significant (P ϭ .28). There was no noticeable or significant trend in prevalence of retinopathy or vision-threatening retinopathy with age or gender in any of the four racial/ethnic groups (data not shown). Table 3 shows risk factor associations of any diabetic retinopathy and vision-threatening retinopathy in the total diabetic sample. After adjusting for age, gender, and center, the prevalence of any diabetic retinopathy was higher in blacks (OR 1.84, 95% CI 1.18 to 2.87) and hispanics (OR 1.70, 95% CI 1.07 to 2.72) as compared with whites. After adjustment for age, gender, race, and MESA center, significant predictors for both outcomes (any retinopathy and vision-threatening retinopathy) were longer duration of diabetes, use of diabetic medication (known and treated diabetes vs unknown and untreated diabetes) and higher systolic blood pressure. Additional predictors for any retinopathy included higher serum glucose levels and greater waist-hip ratio; additional predictors for vision-threatening retinopathy included a history of hypertension. Associations for CSME were largely similar to results presented for any retinopathy and vision-threatening retinopathy (data not shown).
Final multivariable models for any retinopathy and vision-threatening retinopathy for the total diabetic sample are listed Table 4 . Significant independent predictors of any retinopathy were longer duration of diabetes, increased fasting glucose, greater waist-hip ratio, and use of diabetic medications. Significant independent predictors of vision-threatening retinopathy in the total diabetic sample were longer duration of diabetes, increased fasting glucose, greater waist-hip ratio, and increased systolic blood pressure. The pattern of associations was largely similar among the different racial/ethnic groups (data not shown). Table 4 also shows that the racial differences in the prevalence of any diabetic retinopathy and visionthreatening retinopathy were no longer significant when adjustment was made for other risk predictors.
Other risk factors examined in this study that were not significantly associated with diabetic retinopathy, CSME, or vision-threatening retinopathy include HDL cholesterol, LDL cholesterol, triglycerides, self-reported kidney disease, use of oral contraceptives, use of antihypertensive medication, use of hormone replacement therapy, occupa- Figure) . We found an overall prevalence of retinopathy of 33.2%, CSME of 5.6%, and vision-threatening retinopathy (severe retinopathy or CSME) of 7.9% among participants with diabetes. The rates of diabetic retinopathy in whites in the MESA were lower than that reported in the WESDR, 3 which was conducted approximately 20 years ago. In WESDR, among adult whites with diabetes 40 years and older, the prevalence of any retinopathy was 50%, and vision-threatening retinopathy was 10%. 7 More contemporary studies suggest a lower prevalence of diabetic retinopathy. 4 -6 For example, in a recent metaanalysis of seven population-based studies that included whites, blacks, and hispanics, the prevalence of retinopathy was 35.8% and vision-threatening retinopathy 7.3%, 7 similar to the current MESA analysis (33.2% and 7.9%, respectively), which also included Chinese Americans. There are a number of possible explanations for the apparent decline in prevalence of diabetic retinopathy over time. First, it is possible that improvements in the clinical management of diabetes (eg, better glycemic and blood pressure control) may have led to a gradual decline in retinopathy frequency. 32, 33 Brown and colleagues 32 observed that people with type 2 diabetes who were under care in the Kaiser Permanente Northwest health maintenance organization in 1997 to 1998 had lower rates of retinopathy as compared with patients with type 2 diabetes in the WESDR, which may reflect lower mean glycosylated hemoglobin levels (7.9% vs 10.4%) and lower mean systolic blood pressure levels (139 vs 147 mmHg) in their study compared with the WESDR cohort. Second, more recent studies may have included participants who had diabetes diagnosed earlier in the course of the disease, through screening programs or other processes. 34 Third, the changing definition of diabetes from fasting blood glucose of 140 mg/dl or higher to 126 mg/dl or higher may have led to inclusion of subjects with diabetes in more contemporary studies, such as the MESA, with less severe diabetes. Finally, the lower prevalence of retinopathy in the MESA may be related to the use of 45 degree nonstereoscopic, nonmydriatic photographs to grade retinopathy. 35 In other studies, [3] [4] [5] such as in the WESDR, 3 retinopathy was detected by grading of seven stereoscopic fundus photographs. In a pilot study of 72 eyes of 36 subjects with diabetes, retinopathy lesions were detected more frequently from seven stereoscopic film photographs than from nonstereoscopic, nonmydriatic digital photographs (Moss SE, ARVO Meeting, 2004, abstract). Thus, the lack of stereoscopic effect and the lower magnification of photographs taken with the nonmydriatic camera may explain the lower rates of retinopathy and macular edema in the MESA as compared with the WESDR.
There are limited epidemiological studies of diabetic retinopathy on non-whites, [17] [18] [19] and few have examined racial/ethnic differences in prevalence of diabetic retinopathy, 24, 25, 36 despite substantial data that demonstrate variation in diabetes prevalence by racial/ethnic group. [21] [22] [23] Three population-based studies, the Atherosclerosis Risk in Communities (ARIC) study, 24 the National Health and Nutrition Examination Survey (NHANES) III, 25 and the Cardiovascular Health Study, 36 showed that retinopathy was more prevalent in blacks with type 2 diabetes than in whites. In the ARIC study, the higher prevalence of retinopathy in blacks (27.7%) as compared with whites (16.7%) largely disappeared after controlling for differences in glycemic control, duration of diabetes, and blood pressure, which suggests that these factors may explain differences in retinopathy prevalence between whites and blacks in the ARIC study cohort. 24 Similarly, hispanics have been suggested to have higher prevalence of diabetic retinopathy, although factors that may explain differences between hispanics and whites are less clear. 19, 20, 26 In one study, despite adjustment for glycemic levels and other risk factors, diabetic retinopathy was still twice as common in hispanics living in San Antonio, Texas, USA as compared with whites in Madison, Wisconsin, USA. 19 Similarly, in the NHANES III, despite controlling for duration of diabetes and levels of glycemia and blood pressure, hispanics had higher prevalence and more severe retinopathy than whites in that study. 25 In the current study, we showed that blacks and hispanics had a significantly higher prevalence of diabetic retinopathy than whites and chinese. These differences were attenuated when analyses accounted for diabetes duration, glycemic levels, and increased waist-hip ratio, suggesting that these risk factors may in part explain the higher rates of retinopathy in blacks and hispanics. It is possible that other factors not examined here, such as racial/ethnic variation in the time of diabetes diagnosis (eg, blacks and hispanics with diabetes may be diagnosed later than whites and chinese), may also explain these differences. To our knowledge, the MESA provides the first data on the prevalence of diabetic retinopathy in Chinese Americans in the United States. The prevalence among the chinese sample (25.7%) was similar to whites (24.8%) in the MESA and is consistent with the findings of a clinic-based study of 2131 patients with type 2 diabetes attending a Beijing Hospital in China (27.3%). 37 We note that vision-threatening retinopathy was higher in chinese women (12.5%) than men (1.9%), and was seen across all age groups. This observation, which is based on very small numbers of this endpoint in MESA, may deserve further attention and additional studies.
In the MESA, the prevalence of diabetic retinopathy did not vary substantially by age, a finding consistent with other studies. 7 This contrasts with the WESDR, which showed the prevalence of retinopathy declined in older people, 3 perhaps reflecting increased diabetes severity and a higher risk of cardiovascular diseases and other diabetes complications in older people. In addition, in that study, younger persons with type 2 diabetes were more likely to require insulin and have poorer glycemic control. With improved survival of patients with diabetes, it is possible that this pattern may not be as distinctive in more contemporary populations such as in the MESA.
With regard to risk factors for diabetic retinopathy, longer duration of disease, increased fasting glucose, greater waist-hip ratio, and use of diabetic medications or insulin were significant independent predictors of any retinopathy, whereas longer duration of diabetes, increased fasting glucose, greater waist-hip ratio, and increased systolic blood pressure were significant independent predictor of vision-threatening retinopathy. The role of diabetes duration, hyperglycemia, and hypertension in retinopathy development is well established and has been confirmed in the WESDR 3 and in clinical trials. 38 -40 We did not find associations of plasma lipids and either retinopathy or macular edema. Data from the Early Treatment Diabetic Retinopathy Study showed that higher levels of serum lipids (LDL cholesterol, very LDL cholesterol, and triglycerides) were associated with increased risk of HE in the macula and vision loss in persons with diabetes. 12 In the WESDR, however, associations between serum lipids and HE were found only in persons with type 1 but not type 2 diabetes. 13 Ongoing randomized controlled clinical trials will provide further insights into the role of plasma lipids in incidence and progression of retinopathy in persons with diabetes.
Diabetic retinopathy was also associated with larger waist-hip ratio in the MESA cohort, independent of diabetes duration and glycemia levels. The association of obesity and diabetic retinopathy has not been consistently demonstrated in all studies. 15, 16 In the WESDR, for example, higher BMI was related to retinopathy only in the type 2 participants with diabetes who did not use insulin. 16 In addition, there was a U-shaped relationship between both lower and higher BMI and retinopathy, which may reflect a "severe" phase of diabetes in underweight type 2 subjects, or these underweight patients may be a subset of late-onset type 1 diabetes. 16 However, we could not confirm a U-shaped pattern in the MESA (data not shown).
The strengths of this study include the high frequency of gradeable fundus photographs and the use of objective means of detecting retinopathy by standardized grading protocols. Limitations of this study should also be noted. First, as discussed above, subtle differences in prevalence and risk factors of diabetic retinopathy in the MESA compared with other studies may be related to differences in retinal photography (eg, 45 degree nonstereoscopic digital photographs were taken without pharmacological dilation in MESA, as compared with 30 degree stereoscopic film-based photographs taken with pharmacological mydriasis in other studies [3] [4] [5] ). Second, the cross-sectional nature of the study limits our ability to judge the temporal sequence of some of the associations reported. Third, although the MESA cohort is community based, the sampling scheme was not designed to be statistically representative of the population, and therefore estimates of the prevalence of diabetic retinopathy are not directly generalizable to the United States. Finally, the participation rate was approximately 30% of those contacted, which was low enough that bias could have been introduced, although similar recruitment methods were used in all ethnic groups, and the participation among those screened (for whom race/ethnicity was collected) was 70% of whites, 61% of blacks, 59% of hispanics, and 48% of chinese. Exclusion of persons with symptomatic cardiovascular disease could also have operated differentially across ethnic groups as a result of differences in access to care and diagnosis of disease.
In summary, the current MESA provides new data on the frequency of risk factors for diabetic retinopathy in four racial/ethnic populations in six United States communities. In this sample, we showed that approximately one in three persons with diabetes have some retinopathy, and one in 12 have signs of vision-threatening retinopathy (severe nonproliferative, proliferative retinopathy, or CSME). We confirm the strong independent associations of diabetic retinopathy with classic risk factors, including duration of diabetes, hyperglycemia, and hypertension. 
